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One-year comparative assessment of retention of arch width increases

between modified vacuum-formed and Hawley retainers:

A multicenter randomized clinical trial

Asma Asharia; Lew Xianb; Alizae Marny Fadzlin Syed Mohamedc; Rohaya Megat Abdul Wahabd;
Yeoh Chiew Kite; Malathi Deva Tataf; Sindhu Sinnasamyg; Elavarasi Kuppusamya

ABSTRACT
Objectives: To compare the clinical effectiveness of Hawley retainers (HRs) and modified vacuum-
formed retainers (mVFRs) with palatal coverage in maintaining transverse expansion during a 12-
month retention period.
Materials and Methods: Data were collected from postorthodontic treatment patients who met the
inclusion criteria. A total of 35 patients were randomly allocated using a centralized randomization
technique into either mVFR (n¼ 18) or HR group (n¼ 17). The outcome assessor and data analyst
were blinded to the retention method. Dental casts of patients were evaluated at debond, 3 months,
6 months, and 12 months of retention. Intercanine width (ICW), interpremolar width (IPMW),
interfirst molar mesiobuccal cusp width 1 (IFMW1), and interfirst molar distobuccal cusp width 2
(IFMW2) were compared between groups over time using mixed analysis of variance.
Results: No statistically significant differences were found between the two groups for ICW (P ¼
.76), IPMW (P¼ .63), IFMW1 (P¼ .16), and IFMW2 (P¼ .40) during the 12-month retention period.
Conclusions: The null hypothesis could not be rejected. HR and mVFR had similar clinical
effectiveness in the retention of transverse expansion cases during a 12-month retention period.
(Angle Orthod. 2022;92:197–203.)

KEY WORDS: Orthodontic retainers; Dentoalveolar expansion; Recurrence; Treatment outcome;
Controlled clinical trial

INTRODUCTION

Expansion of the arches is considered very unstable
and prone to 40% relapse regardless of the type of
expansion, mostly as a result of the posttreatment
growth pattern of the patient.1,2 For retention, Hawley
retainers (HRs) were indicated to have greater stability
than vacuum-formed retainers (VFRs) for transverse
expansion because of their rigidity.3 Although there
were many advantages of VFRs over HRs for being
more esthetic,4 cheaper,5 and easier to fabricate,6 no
studies compared the effectiveness of these retainers
for transverse expansion cases. Standard VFRs in a U-
shape configuration are made up of vacuum-formed
polyurethane material that, in theory, would be less
durable compared with methyl methacrylate in HRs.
Therefore, VFRs may have inadequate transarch
stability for maintaining upper arch expansion.3,7

Modified vacuum-formed retainers (mVFRs) have
been described to be effective in maintaining palatal
expansion,8 similar to other retention methods.9,10

However, the majority of the studies compared mVFRs
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to a fixed bonded retainer but did not compare mVFRs
with HRs.10 The cases selected were Class I with
normal anteroposterior and transverse skeletal dimen-
sions. The mVFRs prescribed require an extra wire
outlining the cementoenamel junction of the teeth
palatally,8 which demands extra expertise, cost, and
time. Hence, a simpler version of mVFRs was
proposed in the present trial, where the only difference
compared with the conventional VFR was extended
palatal coverage that, in theory, would be more durable
to maintain transverse expansion compared with the
conventional U-shaped VFR, as the palatal coverage
would prevent flexion.

Specific Objectives and Hypotheses

The main aim of the current randomized clinical trial
was to compare the clinical effectiveness of mVFRs
and HRs in expansion cases by measuring maxillary
arch width changes during a 12-month retention period.
The null hypothesis tested in this trial was that there
would be no significant difference in the effectiveness of
mVFRs and HRs to maintain transarch stability.

MATERIALS AND METHODS

Trial Design

This trial was a two-arm parallel prospective multi-
center randomized controlled trial with a 1:1 allocation
ratio conducted in the Orthodontic Specialist Unit of
Universiti Kebangsaan Malaysia (UKM), Klinik Pergi-
gian Bandar Botanik Klang, and Klinik Pergigian
Sungai Chua Kajang. The orthodontists had more than
5 years of experience. The study was approved by
UKM Research and Ethics Committee (UKMPPI/111/8/
JEP-2018-724) and the National Medical Research
and Ethics Committee (NMRR-18-3639-44877) and
was registered with ClinicalTrials.gov (NCT04237298).
There were no changes to the methods after trial
commencement.

Participants, Eligibility Criteria, and Settings

Recruitment was carried out from August 2019 to
July 2020. All orthodontic patients were screened on
debond day. An information sheet and explanation
regarding the trial were given by the researcher.
Subsequently, informed consent was obtained.

Eligibility criteria included patients aged 13 years or
older at the time of debond who had existing
pretreatment dental casts and had undergone more
than 3 mm of maxillary dentoalveolar expansion.
Initially, the amount of arch width expansion was
measured intraorally at debond and compared with the
respective pretreatment dental casts. To ensure
accuracy, the measurements were repeated on de-

bond and pretreatment dental casts. The following
linear arch width measurements were made: interca-
nine width (ICW; the distance between the canine cusp
tips), interpremolar width (IPMW; the distance between
the premolar cusp tips), interfirst molar width 1
(IFMW1; the distance between the mesiobuccal
cusps), and interfirst molar width 2 (IFMW2; the
distance between the distobuccal cusps). At least two
or more points were expanded more than 3 mm to be
included in the trial.

Patients were randomly allocated into two groups:
either an upper removable HR or mVFR covering the
palate. The type of lower retainer was decided by the
orthodontists.

Interventions and Outcomes

The materials used for the impressions and dental
casts were alginate (Major Prodotti Dentari S.p.A.,
Moncalieri, Italy) and yellow stone (Samwoo Co Ltd,
Ulsan, Korea), respectively. The fabrication of mVFRs
(Figure 1) was accomplished using the 0.040-inch (1
mm) Essix plastic sheet (Dentsply Raintree Essix,
Sarasota, Fla). HRs (Figure 2) were fabricated using
acrylic resin (Scheu-Dental, Iserlohn, Germany) and a
0.70-mm stainless steel chromium coil wire (Scheu-
Dental, Iserlohn, Germany).

The technicians were trained to standardize retainer
design. Retainers were fitted within 24 hours of
debond. Patients were instructed to wear the retainers
full time for the first 6 months, followed by nighttime
wear for the next 6 months. For the first 6 months, they
were asked to remove their retainers only when
cleaning, drinking, or eating. Verbal instructions about
the possible consequences of not complying with

Figure 1. The HR used in the trial.
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retainers were explained upon fitting. Text reminders
were sent once a month.

Impressions were taken for dental cast construction

on four occasions and later were measured at debond
when retainers were fitted (T0) and at 3 months (T1), 6
months (T2), and 12 months (T3) of retention.

Data collection was performed by an independent
researcher (L. Xian) with a Tuten electronic digital
caliper (CSM Engineering Hardware (Malaysian) Sen-
dirian Berhad, Malaysia) to a precision of .01mm.

Linear measurements were made on each dental cast
as specified. The average of three measurements was
used for every point of measurement.

Method Errors

Intrarater reliability (L. Xian) was determined on 20
randomly selected dental casts 1 month after initial
measurements. Interrater reliability (L. Xian, Dr Ashari)
was determined on another 20 randomly selected
dental casts. There was excellent intrarater reliability
(1.00) and interrater reliability (0.98) (Table 1).

Sample Size Calculation

Sample size was calculated based on a significance
level of .05 and 80% power to detect a clinically

meaningful difference for contact point displacement
with a standard deviation (SD) of 2.0 mm.10 The power
analysis gave a total of 16 participants for each arm.

The sample size accounted for attrition by 10% for any
loss to follow-up or noncompliance. Because there
were two groups, a total of 35 participants were
needed.

Interim Analysis and Stopping Guidelines

There were no interim analysis or stopping guide-
lines.

Randomization (Sequence Generation, Allocation
Concealment, Implementation)

The generation of a randomization sequence was
performed in blocks of 18 to ensure that an equal number
of participants were allocated to each group. A central-
ized randomization technique that incorporated external
involvement was employed. The computer-generated
randomization sequence was performed by an indepen-
dent researcher (Dr Kuppusamy) who also acted as a
trial coordinator. To prevent selection bias and protect
the assignment sequence until allocation, coresearchers
at-site recruited eligible patients and contacted the
center by phone after patients agreed to participate.

Blinding

To achieve blinding, each dental cast with an identity
document was measured by a calibrated researcher (L.
Xian) who was blinded to the retention regime provided
to each patient. Patient identity numbers on dental casts
were covered with opaque tape by the technicians and
were randomized once they were ready for measure-
ment. Only one dental cast at a time was selected for
measuring without showing any previous measure-
ments or retainer being assigned. Blinding of clinicians,
assistants, and patients was not feasible in this trial.

Statistical Methods

Descriptive and inferential statistics were calculated
using the Statistical Package for Social Sciences (SPSS
version 24.0; International Business Machines Corp,
Armonk, N.Y.). Intracorrelation coefficient (ICC) was
used to assess intrarater and interrater reliability. Normal
distribution of data was confirmed by the Shapiro-Wilk
test (P . .05). Hence, parametric statistics were used.
The mean arch width change differences between
retention groups during the follow-up period were

Figure 2. The mVFR with palatal coverage used in the trial.

Table 1. Reliability of Arch Width Measurements

ICC n Coefficient

95% Confidence Interval

P ValueLower Bound Upper Bound

Intrarater reliability 20 1.00 1.00 1.00 ,.001a

Interrater reliability 20 0.98 0.53 1.00 ,.001a

a Statistically significant.
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evaluated using mixed analysis of variance (ANOVA).
The significance level was set at .05. Intention-to-treat
(ITT) analysis was performed for missing outcomes by
calculating the mean difference between two consecu-
tive time points. The mean difference was added to the
data obtained at the time points before the points of
missing data or to estimate the missing outcome.

RESULTS

Participant Flow

A total of 274 patients with planned maxillary
expansion were screened for eligibility, of whom 239
were excluded from the study for the following reasons:
225 had less than 3 mm of expansion, 10 had missing
pretreatment dental casts, 3 for whom the clinicians
decided not to randomize the retainers, and one patient
declined to participate in the study. Thus, 35 patients
were randomly assigned for the trial. There were
additional dropouts at different time points of analysis
(Figure 3).

Baseline Data

The groups were well matched in terms of age and
sex and showed no significant differences between
groups (P . .05; Table 2).

Numbers Analyzed, Outcomes, and Estimation

Table 3 shows the mean and SDs of arch width
changes in the HR and mVFR groups at four time
points. There were no statistically significant differenc-
es (P . .05) for width values between the two groups
during the retention period. Generally, all mean values
for the arch widths in both groups tended to decrease
during the trial period. Although IFMW1 and IFMW2
values for the HR group showed an increase between
T0 and T1, they showed a decrease afterward. The
largest decreased mean between baseline (T0) and
final (T4) analysis was observed for IPMW in the
mVFR group (47.10 mm to 46.40 mm).

The reasons for retainer failure were loss (6%, HR
only) and breakage (6%, HR; 22%, mVFR). Patients
were given new retainers with the same design as
soon as possible.

Harms

No harms were reported.

DISCUSSION

Findings and Interpretation

The present trial was designed to investigate the
clinical effectiveness of HR and mVFR in maintaining

maxillary arch expansion for up to 12 months of
retention. The ICW, IPMW, and IFMW were selected
as the outcome measures to evaluate transarch
stability and thus indicate the clinical effectiveness of
the retention methods in preventing relapse. Similar
points of measurement have been used in many
previous studies on retainer stability.11–14

The mean age in both groups was considered
similar: HR, 21.88 years; mVFR, 22 years. There were
more female patients than male patients in the trial,
which is a normal occurrence in orthodontic stud-
ies.12,15–18 This could be attributed to the fact that the
uptake of orthodontic treatment is greater among the
female population.19–21

The greatest increase in arch width following
dentoalveolar expansion was approximately 6.0 mm
for ICW, IPMW, or IFMW. In the present trial, any
changes in the arch widths from debond to the follow-
up stage were considered as relapse. Apart from
returning to the original malocclusion, relapse could
also be considered as any unfavorable changes of
tooth position after treatment away from the corrected
malocclusion regardless of a positive or negative
direction.22 When the changes of the mean ICW,
IPMW, and IFMW were examined, they reduced during
the trial period regardless of retention regime (Table 3).
The reduction could have been attributed to relapse
following expansion during orthodontic treatment.23,24

This could also have been the result of age-related
changes.25–27 The changes were not significantly
different between groups or among time points.

The main outcomes of the present trial showed that
there were no statistically significant differences
between HR and mVFR in any mean arch width
changes during a 12-month retention period. This
finding was consistent with past studies that compared
the stability between HR and the normal version of
VFR without palatal coverage in nonexpansion cas-
es.12–14,28,29 The results indicated that HR and mVFR
had similar clinical effectiveness in maintaining maxil-
lary transverse expansion during a short-term period.
With the extended palatal coverage and considerable
hardness of the rugged thermoplastic material,30 this
mVFR possibly possessed suitable physical properties
to stabilize tooth position in an expanded arch,
comparable with HRs that have previously been
thought to be more rigid and better for transarch
stability.3,23

There were more cases of retainer breakage
reported in the mFVR group than in the HR group.
The breakage might have been related to the resiliency
and semi-elastic properties of the thermoplastic mate-
rial in mVFR, making it more vulnerable to functional
and parafunctional activities. This finding was consis-
tent with the study by Saleh et al.31 but contradicted the
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Figure 3. Consolidated Standards for Reporting of Trials participant flow diagram.
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study by Hichens et al.,30 which found that HRs were
more likely to break.

Limitations

The main limitation of this trial was the relatively high
dropout rate that increased throughout the trial (Figure
3). Studies have shown that participant dropout in a
follow-up trial is highly anticipated.10,32 Consequently,
more than 10% of the required sample size was
recruited33 to account for dropouts. The dropout at T3
increased as a result of the emergence of the
coronavirus disease 2019 (COVID-19) pandemic out-
break in January 2020.34,35 Initially, a movement control
order by the government resulted in closed borders
and only emergency dental treatment was allowed.
Therefore, some participants who were studying
overseas could not come for the follow-up appoint-
ments. Once orthodontic treatment was allowed, a few
refused to come as a result of COVID-19 concerns.
Therefore, an ITT analysis was performed to minimize
any risk of bias that may have been introduced by
comparing groups that differed in prognostic variables.

The strength of this trial might have been affected by
patient compliance in following instructions for use of

the retainers. Monthly reminders were sent to each

patient to remind him or her to wear the retainers as

instructed. It was shown that text message reminder

systems were effective for improving compliance with

removable retainers and follow-up attendance.36 Dur-

ing each visit, retainers were also examined to ensure

they fit well.

Recommendations

It is recommended that a greater than 10% dropout

rate should be accounted for in sample size calculation

for future studies. Patient-reported outcomes such as

comfort, appearance, and resiliency to compare

between retainer types should also be included.

CONCLUSIONS

� There was no statistically significant difference found

between the two retainer groups (HR and mVFR)

during a 12-month retention period.
� The null hypothesis could not be rejected: HR and

mVFR had similar clinical effectiveness in the

retention of transverse expansion during a 12-month

retention period.

Table 2. Age and Sex Distribution of Patients in the Groupsa

Variable HR Group, n ¼ 17 mVFR Group, n ¼ 18 Total, n ¼ 35 P Value

Age at debond, y 21.88 6 4.12 22.06 6 5.88 21.97 6 5.03 .92

Sex .56

Male 5 (29) 7 (39) 12 (34)

Female 12 (71) 11 (61) 23 (66)

a Data are provided as mean 6 SD or n (%).

Table 3. Mixed ANOVA Interaction Effect

Variable Time Interval

HR Group (mm),

Mean 6 SD

95%

Confidence Interval

mVFR Group (mm),

Mean 6 SD

95%

Confidence Interval

Mixed ANOVA P Value

(Interaction Effect)

ICW .76

T0 37.20 6 2.46 36.09–38.30 38.04 6 2.00 36.97–39.12

T1 37.18 6 2.55 36.05–38.31 37.93 6 2.02 36.83–39.03

T2 37.06 6 2.53 35.96–38.17 37.80 6 1.92 36.73–38.87

T3 36.80 6 2.78 35.61–37.99 37.69 6 20.1 36.45–38.77

IPMW .63

T0 45.39 6 1.88 44.33–46.45 47.10 6 1.84 46.04–48.17

T1 45.37 6 1.88 44.29–46.46 46.87 6 1.92 45.79–47.96

T2 45.26 6 1.94 44.10–46.41 46.77 6 2.08 45.62–47.92

T3 44.80 6 1.92 43.62–45.97 46.40 6 2.17 45.22–47.57

IFMW1 .16

T0 51.16 6 1.73 50.12–52.21 53.35 6 2.29 52.37–54.33

T1 51.31 6 1.66 50.26–52.36 53.15 6 2.35 52.16–54.14

T2 51.16 6 1.79 50.07–52.26 53.01 6 2.43 51.97–54.04

T3 50.88 6 1.82 49.78–51.98 52.93 6 2.42 51.89–53.97

IFMW2 .40

T0 52.34 6 2.09 51.14–53.54 54.26 6 2.56 53.13–55.39

T1 52.49 6 2.17 51.23–53.75 54.20 6 2.71 53.01–55.39

T2 52.27 6 2.15 51.00–53.54 54.11 6 2.75 52.91–55.30

T3 52.09 6 2.29 50.78–53.40 54.04 6 2.80 52.80–55.27
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